The hemodynamic effects of propranolol at rest were studied in 13 patients with Fallot's tetralogy. After the infusion of propranolol into right ventricle, heart rate and blood pressure decreased in all cases, whereas there were no definite tendencies in changes of right ventricular pressure, its first derivative, and arterial oxygen saturation. The results obtained indicated that propranolol has little, if any, effects in relieving the right ventricular outflow tract obstruction in Fallot's tetralogy at rest. The changes of arterial oxygen saturation depend mainly on the changes of total peripheral resistance. It is concluded that the role of sympathetic activity in producing cyanosis at rest in Fallot's tetralogy is minimal.
SUMMARY
The hemodynamic effects of propranolol at rest were studied in 13 patients with Fallot's tetralogy. After the infusion of propranolol into right ventricle, heart rate and blood pressure decreased in all cases, whereas there were no definite tendencies in changes of right ventricular pressure, its first derivative, and arterial oxygen saturation. The results obtained indicated that propranolol has little, if any, effects in relieving the right ventricular outflow tract obstruction in Fallot's tetralogy at rest. The changes of arterial oxygen saturation depend mainly on the changes of total peripheral resistance. It is concluded that the role of sympathetic activity in producing cyanosis at rest in Fallot's tetralogy is minimal.
Additional Indexing Words:
Heart rate Blood pressure Right ventricular pressure Right ventricular dp/dt Arterial oxygen saturation Angiocardiography Dye dilution curve Total peripheral resistance HE effects of beta-adrenergic blockade on relieving anoxic spells in Fallot's tetralogy have been studied in recnet years,1)-5) suggested by the fact that beta-adrenergic blockade was useful in relieving functional left ventricular outflow obstruction in idiopathic hypertrophic subaortic stenosis.6) Further, the effects of beta-adrenergic blockade in exercise,3) beta-adrenergic stimulation with isoproterenol,3),4) or operative intervention7) have been evaluated and the same effects of relieving right ventricular outflow tract obstruction have been reported.
Above mentioned reports, however, have their common denominator in studying the effects of beta-adrenergic blockade under certain stresses. It seems reasonable that in sympathomimetic state, beta-adrenergic blockade relieves the functional constriction of right ventricular outflow tract. This report concerns the hemodynamic effects of propranolol at rest in Fallot's tetralogy.
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Received for publication July 22, 1968. 531 Table  I METHODS Thirteen patients with Fallot's tetralogy, including one case with previous Brock's valvotomy and 6 cases with Blalock's anastomoses, ranging in age from 6 to 29 years, were subjected to study. After routine selective angiocardiography, propranolol, from 0.05 to 0.2mg. per Kg. body weight, was infused into right ventricle. Heart rate, blood pressure, right ventricular pressure and its first derivative, and oxygen saturation of arterial and venous blood were measured before and 10 min. after the administration of propranolol. In 2 cases, dye dilution curves were obtained and the changes of right-to-left shunt were estimated. The hemodynamic results obtained were correlated with the types of right ventricular outflow tract obstruction evaluated angiocardiographically and/or by operative findings.
RESULTS
Full data are presented in Table I . 1) Heart rate:
In all cases, heart rate decreased from 5.5 to 42.3% of control values (Fig. 1) .
2) Blood pressure: In all but one, blood pressure fell from 4 to 16.5% of control values (Fig. 1). 3) Right ventricular pressure: Right ventricular systolic pressure unchanged in one case, decreased in 6 from 0.7 to 18%, and increased in 4 from 2 to 12% of control values (Fig. 2) . Right ventricular end-diastolic pressure unchanged in 6, and increased in 3.
4) First derivatives of right ventricular pressure: Peak dp/dt of right ventricular pressure unchanged in one case, decreased in 6 from 11 to 53%, and increased in 4 from 9.7 to 96% of control values (Fig. 2) . The negative peak dp/dt of right ventricular pressure unchanged in 2 cases, decreased in 4 from 5.2 to 37.5% and increased in 5 from 8.3 to 71.2% of control values. 5) Isometric contraction time of right ventricle: The right ventricular isometric contraction time unchanged in 5 cases, shortened in 1, and prolonged in 5.
6) Arterial oxygen saturation: Arterial oxygen saturation unchanged in one case, increased in 7 from 0.4 to 7.3%, and decreased in 5 from 0.2 to 8.5% of control values (Fig. 3) .
7) The oxygen saturation of right ventricle unchanged in 1 case, Jap. Heart J. N ovember, 1968 (Fig. 3) . 8) Total peripheral resistance decreased in 4 cases from 6 to 43.7%, and increased in 6 from 8 to 51.5% of control values. 9) Dye dilution curves: Right-to-left shunt increased 27% of control value in 1 case (Fig. 4) , and essentially unchanged in another.
10) The types of right ventricular outflow tract obstruction: As shown in Table II taneous pressure-flow relationships across the ventricular septal defect in tetralogy of Fallot that the right-to-left shunt occurred at 2 phases and 2 sites during the cardiac cycle; namely, during early ventricular ejection into the aorta, and during isovolumic ventricular relaxation directly across the ventricular defect into the left ventricle, and left-to-right gradients and shunting across the defect occurred during isovolumic ventricular contraction and during diastole. The mechanisms of decreasing right-to-left shunt by beta-adrenergic blockade are considered to result from the increase in left-to-right pressure gradients during isovolumic contraction and diastole, and the decrease or the inversion of left-to-right pressure gradients during early ventricular ejection and isovolumic relaxation. The results obtained from our studies, namely, the elavation of right ventricular pressure during early ventricular ejection, the prolongation of ejection phase and sometimes the abnormal elevation of end-diastolic pressure in some cases after the administration of propranolol shows the unfavorable effects in order to decrease right-to-left shunt. Contrariwise, the increase of relaxation velocity during isovolumic relaxation has favorable effect on increasing left-to-right shunt. In other way, relation of the changes of arterial oxygen saturation to the changes of right Jap.
Heart J. N ovember, 1968 ventricular systolic pressure, right ventricular peak dp/dt and total peripheral resistance was evaluated. As the increase of right ventricular systolic pressure and its peak dp/dt and the decrease of total peripheral resistance are to increase right-to-left shunt and consequently decrease the arterial oxygen saturation, whereas the decrease of right ventricular systolic pressure and its peak dp/dt and the increase of total peripheral resistance decrease right-to-left shunt, there must be negative correlation between the changes of right ventricular systolic pressure and its peak dp/dt and the changes of arterial oxygen saturation, and positive correlation between changes of total peripheral resistance and those of arterial oxygen saturation. As shown in Fig. 5 , the effect of beta-adrenergic blockade in relieving cyanosis is considered to be most dependent on the increase of total peripheral resistance. The fact that the natural fluctuation in the degree of cyanosis at rest in Fallot's tetralogy ranges from -19.4 to +14.6% in arterial oxygen saturation should be taken into consideration when evaluating the pharmacologic effects. The increase of arterial oxygen saturation after the administration of beta-adrenergic blockade were within 10% in most reported cases.
